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(57)Abstract: 

PROBLEM TO BE SOLVED: To inhibit the oxidization of rare-earth elements being contained in an R-T-B rare- 
earth magnet alloy and to reduce the B-rich phase of a rake- earth magnet while an increase in the coarseness of 
the R2T14B main phase of the magnet is suppressed by a method wherein the magnet has a composition 
consisting of R, B, Co. M, oxygen, nitrogen and carbon, which respectively have a specified wt.%, with the balance of 
Fe, the coersive force of the magnet at a specified temperature is specified and at the same time, the area ratio of 
the B-rich phase is specified. 

SOLUTION: A rare-earth magnet has a composition consisting of 27.0 to 31.0 wt,% of R (The R is one kind of the 
element or more than two kinds of the elements out of rare-earth elements including Y.). 0.8 to 1.02 wt% of B. 0.5 
to 50 wt.% of Co, 0.01 to 1.0 wL% of M (The M is one kind of the element or more than two kinds of the elements 
out of Ga, Al and Cu), 0.25 wt.% or lower of oxygen, 0.02 to 0.15 wt.% of nitrogen and 0.15 wt.% or lower of carbon 
with the balance of Fe. Moreover, the coercive force of the magnet at 20** C is 1 3 kOe or higher and at the same 
time, the area ratio of the B-rich phase of the magnet is 0 to 0.5% and the area ratio of main phase crystal grains 
of a grain diameter of 16 /im or wider is 10% or lower. 
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(54) RARE-EARTH MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To inhibit the oxidization of rare-earth elements 
being contained in an R-T-B rare-earth magnet alloy and to reduce the B-rich 
phase of a rake- earth magnet while an increase in the coarseness of the 
R2T14B main phase of the magnet is suppressed by a method wherein the 
magnet has a composition consisting of R, B, Co, M, oxygen, nitrogen and 
carbon, which respectively have a specified wt.%, with the balance of Fe, the 
coersive force of the magnet at a specified temperature is specified and at the 
same time, the area ratio of the B-rich phase is specified. 
SOLUTION: A rare-earth magnet has a composition consisting of 27.0 to 31.0 
wt.% of R (The R is one kind of the element or more than two kinds of the 
elements out of rare-earth elements including Y.), 0.8 to 1 .02 wt.% of B, 0.5 to 50 



wt.% of Co, 0.01 to 1.0 wt.% of M (The M is one kind of tlie element or more than 
two kinds of the elements out of Ga, Al and Cu), 0.25 wt.% or lower of oxygen, 
0.02 to 0.15 wt.% of nitrogen and 0.15 wt.% or lower of carbon with the balance 
of Fe. Moreover, the coercive force of the magnet at 20X is 13 kOe or higher 
and at the same time, the area ratio of the B-rich phase of the magnet is 0 to 
0.5% and the area ratio of main phase crystal grains of a grain diameter of 16 |jm 
or wider is 10% or lower. 



LEGAL STATUS 

[Date of request for examination] 06.12.2000 

[Date of sending the examiner's 08. 1 1 .2002 

decision of rejection] 

[Kind of final disposal of application 
other than the examiner's decision of 
rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's 2002-23582 
decision of rejection] 

[Date of requesting appeal against 06.12.2002 
examiner's decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] R 27.0 - 31.0wt% (one sort in the rare earth elements in which R 
contains Y, or two sorts or more), They are 0.5 - 5.0wt% and M about 0.8 - 
1.02wt% and Co in B 0.01 - 1.0wt% (it Ga(s) M) One sort in aluminum and Cu or 
two sorts or more, and oxygen Less than [ 0.25wt% ], The rare earth magnet 
characterized by the rate of area of B rich phase being 0 - 0.5% while it has the 
presentation which consists carbon of less than [ 0.15wt% ] and the remainder 
Fe 0.02 - 0.15wt% in nitrogen and the coercive force in 20 degrees C is 13 or 
more kOes. 

[Claim 2] The rare earth magnet according to claim 1 characterized by the rate of 
area of the main phase crystal grain whose diameter of crystal grain is 16 
micrometers or more being 10% or less. 

[Claim 3] The rare earth magnet according to claim 1 or 2 with which Dy 
concentration is characterized by being high and being low in the core of the 
main phase crystal grain near the grain boundary of the main phase crystal grain. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the R-T-B system rare earth 
magnet (T is the mixture of Fe or FeCo) which enabled it to acquire high 
magnetic properties by suppressing big and rough-ization of the main phase 
crystal grain while reducing a nonmagnetic phase compared with the former. 
[0002] 

[Description of the Prior Art] Need came to occupy most rare earth magnet 
commercial scenes in increase and recent years every year from the Nd-Fe-B 
system rare earth permanent magnet which uses comparatively [ in resource ] 
abundant and cheap Nd and Fe as a principal component having the magnetic 
properties which were very excellent. In connection with this, the researches and 
developments are also prosperous, and since high magnetic properties are 
acquired when especially the approach (henceforth the blending method) of 
mixing two metal powder with which presentations differ, and using controls the 
phase in the two metal powder, many approaches are proposed. Although two 
alloys with which presentations differ are mixed by the blending method The alloy 
for the main phase fonnation which has the presentation near the R2T14 B 
phase (at least one or more sorts in the rare earth elements in which R contains 
Y, and T are the mixture of Fe or FeCo) which is the main phase, R - the 
approach of mixing the rich alloy for the 2nd phase formation uses it abundantly - 



- having **** - JP,63-93841 ,A - R2T14 B phase and it - R - a rich R-X alloy 
(X - Fe, or Fe and B -) The alloy obtained by quenching of the molten metal 
object which consists of at least one or more sorts of mixture of aluminum, Ti, V, 
Co, Zr, Nb, and the Mo is mixed, and the method of manufacturing a magnet 
alloy is proposed. Moreover, by JP,5-175026,A and JP,5-175027,A, the magnet 
alloy has been obtained, for example by mixing and sintering [ fabricate and ] the 
alloy powder which makes R2T14 B phase a subject, and the intermetalllc- 
compound powder which has crystal molds, such as MgCu2 mold, PuNi3 mold, 
and CaZnS mold. By these approaches, by using two alloys with which 
presentations differ, the organization in a magnet alloy is improved to a 
grindability and a degree-of-sintering pan, and it is reported that magnetic 
properties can be improved compared with the case (henceforth the single 
method) where a single alloy is used as a start raw material. 
[0003] 

[Problem(s) to be Solved by the Invention] In order to acquire the practically 
effective coercive force as a magnet alloy, it is necessary to grind the alloy for the 
main phase formation, and the alloy for the 2nd phase formation to about 2-10- 
micrometer fines, and in the above-mentioned blending method, in this case, 
intense oxidation is produced and there is even danger of ignition by the usual 
approach. The content rare earth elements which oxidized do not play a role of 
the liquid phase at the time of sintering, and do not contribute to improvement in 
the consistency of a rare earth magnet alloy. Therefore, by the conventional 
approach, the amount of content rare earth elements which oxidizes needed to 
be expected, and many rare earth elements needed to be beforehand included in 
the raw material alloy of a rare earth magnet from the initial complement. 
Moreover, the rare earth oxide remained in the rare earth magnet alloy after 
sintering, and in order to lower the rate of the volume of the main phase slack 
R2T14 B phase which discovers effective magnetization, compared with the 
potential which a rare earth magnet alloy has, only the small residual magnetic 
flux density was obtained conventionally. Moreover, in order to make detailed the 



diameter of the main phase crystal grain in a rare earth sintered magnet, 
nonmagnetic elements, such as Nb, must be added, and it has become the factor 
in which this Nb addition also reduces a residual magnetic flux density. In the 
further conventional rare earth magnet alloy, the impurity phase which does not 
contribute to the magnetism other than the above-mentioned rare earth oxide 
exists, and in order to lower the rate of the volume of R2T14 B phase, the 
residual magnetic flux density is made smaller. Therefore, the technical problem 
of this invention is offering the R-T-B system rare earth sintered magnet which 
raises the rate of the volume of the R2T14B main phase by reducing B rich 
phase, and enabled it to acquire high magnetic properties, controlling oxidization 
of the rare earth elements contained in a R-T-B system rare earth magnet alloy 
compared with the former, and suppressing big and rough-ization of the R2T14B 
main phase. Moreover, this invention is offering the R-T-B system rare earth 
sintered magnet with which the R2T14B main phase of the diameter of crystal 
grain also with detailed Nb additive-free is obtained, and magnetic properties 
higher than before are acquired by controlling distribution of Dy element in the 
R2T14B main phase further. 
[0004] 

[Means for Solving the Problem] this invention persons hit on an idea to following 
this invention, as a result of examining wholeheartedly the alloy designing of the 
R-T-B system rare earth sintered magnet for increasing the rate of the volume of 
the detailed R2T14B main phase conventionally combining the below-mentioned 
wet process and the below-mentioned blending method which can suppress the 
oxidization at the time of pulverizing of a R-T-B system rare earth magnet alloy 
as much as possible. This Invention which solved the above-mentioned technical 
problem R 27.0 - 31.0wt% (one sort in the rare earth elements in which R 
contains Y, or two sorts or more), They are 0.5 - 5.0wt% and M about 0.8 - 
1.02wt% and Co in B 0.01 - 1.0wt% (it Ga(s) M) One sort in aluminum and Cu or 
two sorts or more, and oxygen Less than [ 0.25wt% ], While it has the 
presentation which consists carbon of less than [ 0.15wt% ] and the remainder 



Fe 0.02 - 0.15wt% in nitrogen and the coercive force in 20 degrees Cis 13 or 
more kOes, it is the rare earth magnet characterized by the rate of area of B rich 
phase being 0 - 0.5%. Are desirable in order to acquire magnetic properties with 
high the rate of area of the main phase crystal grain whose diameter of crystal 
grain is 16 micrometers or more being 10% or less in this invention. It is more 
desirable that the rate of area of the main phase crystal grain whose diameter of 
crystal grain is 16 micrometers or more while the rate of area of the main phase 
crystal grain whose diameter of crystal grain is less than 14 micrometers is 80% 
or more is 10% or less. While the rate of area of the main phase crystal grain 
whose diameter of crystal grain is less than 14 micrometers is 80% or more, it is 
desirable that the rate of area of the main phase crystal grain whose diameter of 
crystal grain is 16 micrometers or more is especially 5% or less. Moreover, Dy 
concentration is high near the grain boundary of the main phase crystal grain, 
and when low in the core of the main phase crystal grain, high magnetic 
properties are acquired. 

[0005] According to this invention, by the alloy designing of a suitable R-T-B 
system rare earth magnet into which the original concept of combining a wet 
compaction process and the blending method was developed further, the R-T-B 
system rare earth magnet presentation which discovers the true potential of the 
blending method was able to be invented. The blending method adopted by this 
invention uses A alloy and B alloy with which presentations differ, although the 
0.1 -0.4mm sheet metal-like alloy (henceforth a strip cast alloy) which may cast A 
alloy and B alloy in the arc dissolution, the RF dissolution, etc., quenches a 
molten metal, and is obtained may be used - A alloy - a strip cast alloy - 
moreover, as for B alloy, it is desirable to use a casting alloy. If A alloy is used as 
a strip cast alloy, the organization where R rich phase was finely distributed 
between the Ri2Fe14B main phases will be obtained. In order that this R rich 
phase may stiffen by hydrogen processing etc. and grinding may progress from 
that embrittlement part at the time of pulverizing, a grindability improves and the 
detailed diameter of the main phase crystal grain comes to be obtained after 



sintering. l\^oreover, it can prevent malting big and rough crystal grain into 
depositing an alloy phase with the suitable high melting point by making B alloy 

Into a casting at the time of **** sintering. 

[0006] A alloy mainly consists of R2Fe14 B phase. A alloy has the desirable thing 
of the presentation which the amount of M (M is at least one or more sorts in Ga, 
aluminum, and Cu) becomes [ the amount of R / the amount of B ] from 
Remainder Fe.0.1 - 3.0wt% 0.9 - 2.0wt% 26.7 - 32.0wt%. 26.7 - 32.0wt% of the 
amount of R in A alloy is desirable. If generation of R2Fe14 B phase is not 
enough in the amount of R being less than [ 26.7wt% ], and alpha-Fe with soft 
magnetism etc. deposits and 32.0wt(s)% is exceeded, as a result of R rich phase 
which contains R so much increasing and the amount of oxygen Increasing, 
magnetic properties fall [ all ]. Moreover, 0.9 - 2.0wt% of the amount of B in A 
alloy is desirable. Generation of R2Fe14 B phase is not enough in the amount of 
B being less than [ 0.9wt% ], R2Fe17 phase which is a soft magnetic material 
deposits, and it becomes the factor which reduces magnetic properties. 
Furthermore, 0.1 - 3.0wt% of the amount of M in A alloy is desirable. Although M 
element is contributed to improvement in coercive force, coercive force sufficient 
less than [ 0.1 wt% ] is not acquired, but a residual magnetic flux density falls in 
addition exceeding 3.0wt%. Thus, it is desirable to heat-treat the produced alloy 
A in a 800-1 200-degree C temperature requirement for 1 to 50 hours, and to 
reduce alpha-Fe and R2Fe17 phase etc. 

[0007] B alloy has many amounts of R, and is mainly constituted from an A alloy 
by R1T2 phase, R1T three phase circuit, R2T17 phase (T is Fe and/or Co), etc. 
B alloy has the desirable thing of the presentation which the amount of M 
becomes [ the amount of R / the amount of Co(es) ] from Remainder Fe 0.1 - 
3.0wt% 5 - 50wt% 35 - 70wt%. R content of B alloy is good to consider as 35 - 
70wt%. The phase in which the amount of R has soft magnetism, such as alpha- 
Fe, less than [ 35wt% ] arises. Moreover, since R rich phase which contains R so 
much in B alloy will be generated, it will become that it is very easy to oxidize at 
the time of grinding and the R rich phase will dissolve at low temperature further 



at the time of sintering if the amount of R exceeds 70wt(s)%, it also becomes the 
cause of abnormality grain growth. Here, when adding Dy as an R component, 
as for Dy, blending into B alloy mostly is more desirable than A alloy. As a result 
of Dy blended with B alloy spreading and going in the main phase .crystal grain at 
the time of sintering, in the main phase crystal grain, the organization in which Dy 
concentration is high near the grain boundary, and it is low in a core is obtained. 
Therefore, a high residual magnetic flux density is obtained in the center section 
of the main phase crystal grain with low Dy concentration, and when a reverse 
magnetic field is impressed near the grain boundary of the main phase crystal 
grain with high Dy concentration, in order to prevent that a reverse magnetic 
domain is made, it is judged as that from which high coercive force is acquired. 
Moreover, Co addition in B alloy is good to consider as 5 - 50wt%. Co has the 
operation which raises the oxidation resistance of B alloy with which adding into 
B alloy tends to oxidize preferably. Furthermore, although contain Co in the grain 
boundary in a R-Fe-B system rare earth sintered magnet, and it contributes to 
corrosion resistance improvement and also it has the operation which is spread 
in the main phase, gets the Curie point, and raises thermal resistance, by more 
addition than 50wt(s)%, saturation magnetic flux density falls [ the addition to B 
alloy ] notably insufficiently [ less than / 5wt% / such operation effectiveness ]. 0.1 
- 3.0wt% of M content of B alloy is good. 0. Since a residual magnetic flux density 
will fall notably if coercive force sufficient less than [ 1 wt% ] is not acquired but it 
adds exceeding 3.0wt%, it is not desirable. 

[0008] A alloy and B alloy perform coarse grinding with hydrogen processing, a 
bantamweight division mill, etc., and use it as coarse powder. Subsequently, 
equalization mixing of the B alloy coarse powder 1 - 30wt% is carried out with a V 
shaped rotary mixer, a ball mill, etc. to A alloy coarse powder 99 - 70wt%. Less 
than [ 1wt% ] at this time, a degree of sintering worsens [ B alloy coarse powder ], 
and in order that a sintered compact consistency may not go up, sufficient 
magnet property is not acquired. Moreover, since R becomes excessive in [ than 
30wt% ] more, only a small residual magnetic flux density is obtained, the coarse 



powder after mixing - R - 27 - 31wt% and B ~ 0.5 - 2.0wt% and Co - 0.5 - 
5wt% and M -- 0.01 - 1 .Owt% - it is good to make it contain. Since tlie liquid 
phase required for sintering less than [ 27wt% ] is not acquired but R of the 
coarse powder after mixing becomes a low sintered compact consistency, 
magnetic properties are low. Since R becomes [ R ] excessive by the case more 
than 31 wt(s)%, only a small residual magnetic flux density is obtained. Since 
R2T14 B phase is not formed enough less than [ 0.5wt% ], but B produces 
nonmagnetic B rich phase when [ than 2.0wt% ] more, only a residual magnetic 
flux density with small all is obtained. Less than [ 0.5wt% ] lowers a residual 
magnetic flux density greatly by the case many, from 5wt% rather than as for the 
amount of Co(es), it is enough as corrosion resistance and thermal resistance. 
Furthermore, coercive force sufficient less than [ 0.01 wt% ] Is not acquired, but 
since the rate of the volume of R2T14 B phase falls in [ than 1 .Owt% ] more, as 
for M, a residual magnetic flux density falls. 

[0009] Thus, with grinders, such as a jet mill, the amount of content oxygen 
pulverizes in a Owt% inert gas ambient atmosphere substantially, and uses raw 
material coarse powder which mixed obtained A alloy coarse powder and B alloy 
coarse powder as fines with a mean particle diameter (based on an air 
permeability method) of about 2-10 micrometers. In recovery of fines, the 
container which filled the special solvent which can prevent advance of oxidation 
of fines, such as straight mineral oil, vegetable oil, and synthetic oil, to fines 
recovery openings, such as a jet mill, is installed, and direct fines are collected 
and slurred in the special solvent in an inert gas ambient atmosphere. In this way, 
a wet compaction is carried out all over a magnetic field using the metal mold to 
which the raw material of the shape of an acquired slurry is made as for grant of 
a predetemiined magnetic field anisotropy, and it considers as a Plastic solid. 
Since said impalpable powder particle is held In a special solvent In the state of a 
slurry or a Plastic solid and it is isolated with oxygen, the amount of oxygen of 
fines or a Plastic solid does not increase. Next, this Plastic solid is heated at 
about 100-300 degrees C with the vacuum furnace of 1x10 to 2 or more torrs, 



and the content solvent within a Plastic solid is fully removed. Subsequently, 
succeedingly, the temperature of the same vacuum furnace is pulled up to about 
1000-1200 degrees C, for example, it sinters under the degree of vacuum of 
1x10-3 - 9x10-6torr. The sintered compact at the temperature of under sintering 
temperature subsequently, for example, the rare earth sintered magnet of this 
invention obtained by carrying out heat treatment of two steps or a three-stage 
R:27.0 - 31.0wt%, and B:0.8 - 1.02wt % and Co:0.5 - 5.0wt%, M:0.01 - 1.0wt%, 
0.02 - 0.15wt%, a content carbon content has less than [ 0.15wt% ], and the 
remainder has [ the amount of content oxygen / less than / 0.25wt% / and content 
nitrogen volume ] the presentation of Fe. The amount of R, B, Co, and Fe is 
based on presentation adjustment of a coarse powder raw material. Although the 
oxygen to contain, nitrogen, and carbon are contained as an impurity in the raw 
material alloy or it mixes from atmospheric air, a special solvent, etc. at the time 
of coarse grinding and heating In order for these unescapable impurities to make 
nonmagnetic compounds, such as Nd 203, Nd2C3, and NdN, in a R-T-B system 
rare earth magnet alloy, to lower the rate of the main phase volume, to decrease 
the amount of R which works as the liquid phase further at the time of sintering 
and to check sintering, In the amount of content oxygen, less than [ 0.25wt% ] 
and content nitrogen volume must make a content carbon content less than 
[ 0.15wt% ] 0.02 - 0.15wt%. When it is in this presentation range, a R-T-B system 
rare earth sintered magnet with the high magnetic properties of this invention can 
be obtained. 

[0010] The reason for having magnetic properties with the expensive rare earth 
magnet of this invention is explained. The oxidation after pulverizing can be 
prevented by performing wet recovery and a wet compaction in this invention. 
For example, for example, the amount of content oxygen pulverizes substantially 
the R-T-B system rare earth magnet of this invention in 0% of inert gas, and said 
fines are further collected directly in an inert gas ambient atmosphere in the 
special solvent which can prevent oxidation of fines. Furthermore, under 
coexistence of this special solvent, it can fabricate among a magnetic field, and 



the amount of content oxygen, content nitrogen volume, and a content carbon 
content can be stabilized and held down to the above-mentioned range by fully 
carrying out the deliquoring afterbaking join of the acquired Plastic solid. Since a 
presentation and organization of A alloy and B alloy were furthermore set up as 
optimal thing to this hypoxia method, the degree of sintering etc. is improvable, 
and even if it does not add the nonmagnetic element which prevents grain growth 
of Nb currently conventionally used abundantly, as a result of being able to make 
the organization in a rare earth magnet alloy into the best thing, it became 
possible to raise the detailed rate of the main phase ratio compared with the 
former. Furthermore, alloying elements, such as Co and Dy, are added into B 
alloy, and distribution of Dy element in the main phase crystal grain can be 
controlled now. That is, it became possible to obtain the R-T-B system rare earth 
magnet alloy which was excellent in magnetic properties with the amount of 
hypoxia by pulling out enough the potential which the blending method has by 
the hypoxia method, in addition - the case of the jet mill grinder of the production 
mold which has the capacity that for example, R-Fe-B system raw material 
coarse powder can be pulverized with 10 kg/Hr extent, with the inert gas whose 
above-mentioned oxygen density is Owt% substantially - the oxygen density in 
inert gas - less than [ 0.01 vol% ] - more - desirable - less than [ 0.005vol% ] - 
the inert gas not more than 0.002vol% is said especially preferably. 
[0011] 

[Embodiment of the Invention] Hereafter, although this invention is concretely 
explained with an example, the contents of this invention are not limited by this. 
[0012] (Example 1) In order to produce the alloy A which consists of GaO.1%, 
CuO.1%. and the remainder Fe Nd27.5%, PrO.4%, and B1.05% with weight 
percent, specified quantity weighing capacity of Nd, Pr, B, Ga, Cu, and Fe of 
95% or more of purity was carried out, the RF dissolution was carried out in Ar 
gas ambient atmosphere, similarly teeming of this alloy molten metal was carried 
out to the copper single roll in Ar gas ambient atmosphere, and it considered as 
the sheet metal-like alloy by the so-called strip cast method. The board thickness 



of this alloy was 0.1 -0.3mm. Furthermore, Alloy A was inserted in all over the 
vacuum furnace, and heat treatment was carried out under the conditions of 5 - 
8x10-2Torr for 1000 degree-Cx 4 hours. Moreover, in order to produce the alloy 
B which consists of Nd31.5%, PrO.5%, Dy15.0%, aluminumO.2%, Co20.0%, and 
the remainder Fe with weight percent, in Ar gas ambient atmosphere, the RF 
dissolution was carried out and Nd, Pr, Dy, aluminum, Co, and Fe of 95% or 
more of purity were cast. Thus, after heating the obtained alloy A and Alloy B to ^ 
500 degrees C, performing evacuation after carrying out occlusion of the 
hydrogen in the furnace which eliminated air, it cooled, and coarse grinding of 
them was carried out after that, and they were used as the coarse powder of a 
32-mesh undershirt. Next, to the coarse powder 90 weight section of Alloy A, in 
the after [ weighing capacity ] V shaped rotary mixer, equalization mixing was 
carried out and the coarse powder 10 weight section of Alloy B was used as. raw 
material coarse powder. It inserted in in the jet mill which carried out N2 inert gas 
replacement of this raw material coarse powder, and made the oxygen density 
0.001 vol(s)%, and jet mill grinding was carried out. The container which filled 
straight mineral oil (the Idemitsu Kosan make, trade name Idemitsu super sol PA- 
30) was installed in grinding fines recovery opening of a jet mill, and fines were 
collected and slurred in direct straight mineral oil in N2 gas ambient atmosphere. 
The mean particle diameter (air permeability method) of fines was 4.5 
micrometers. Next, this slurry was poured in impressing the magnetic field of 
10.5kOe(s) in the mold cavity of predetermined magnetic field metal mold, and 
the wet compaction was carried out with the moulding pressure of 1.0 ton/cm2. 
The impression approach of an orientation magnetic field is perpendicular to the 
shaping direction. Next, after heating the acquired Plastic solid in the vacuum of 
5 - 7x10-2torr for 200 degree-Cx 1 hour and fully removing content straight 
mineral oil, the temperature up was continuously carried out to 1070 degrees C 
with 15-degree-C programming rate for /in the vacuum of 5 - 8x10-5torr with the 
same vacuum furnace, and at the temperature, it held for 2 hours, sintered and 
cooled. Next, the line obtained the rare earth magnet of this invention for heat 



treatment of 900 degree-Cx 2 hours, and 480 degree-Cx 1 hour once each in Ar 
ambient atmosphere to this sintered compact. The typical presentations of this 
rare earth magnet were Co2.1%, aluminumO.1%, GaO.1%, CuO.1%, the 0.17% of 
the amounts of content oxygen, 0.05% of content nitrogen volume, 0.07% of 
content carbon contents, and Remainder Fe Nd27.7%, PrO.6%, Dy1.5%, and 
BO.92% in weight percent. Moreover, the typical magnetic properties in 20 
degrees C of this rare earth magnet are the good magnetic properties of 
Br=14.2kG, iHc=14.9kOe, and (BH) max=48.4MGOe as they are shown in Table 
1. Moreover, although gazed at the microstructure of the thing of the arbitration of 
the obtained rare earth magnet with the optical microscope, B rich phase was not 
observed, moreover, every which is in the size range shown on the axis of 
abscissa of drawing 1 to the gross area of the observed R2T14B main phase 
crystal grain of a visual field - the rare earth magnet obtained in this example 1 
for the axis of ordinate of drawing 1 in the rate of area (%) which **(ed) area of 
the R2T14B main phase with that gross area was evaluated. Here, 16-17 of the 
particle size (micrometer) which is for the axis of abscissa of drawing 1 show the 
R2T14B main phase which whose diameter of crystal grain is 16 micrometers or 
more, and is in the range of less than 1 7 micrometers. Moreover, the diameter of 
crystal grain of the R2T14B main phase in drawing 1 and the rate of area were 
measured as follows, and were evaluated. First, using the optical microscope of 
form NIKON UFX-II, the optical microscope photograph (one 1000 times the 
scale factor of this) of the arbitration part of the above-mentioned micro 
observation sample was taken, it read from the scanner with which the 
predetermined personal computer with which this optical microscope photograph 
is subsequently installed in the image-processing software (Image pro. plus 
(DOSA/)) by the PURANE TRON company was equipped, and the image 
processing was carried out. the area of each **** crystal grain of the arbitration 
measured by this image processing - (Si) - carrying out -- further - the 
observation cross-section configuration of each **** crystal grain ~ a circle - 
assuming - each ~ it defined by diameter (di)=of **** crystal grain (4x Si/pi) 1/2. 



Moreover, the ratio of the area (Si') of the main phase crystal grain in the size 
range shown on the axis of abscissa of drawing 1 to the whole surface product 
(Stotal) of the observed target main phase crystal grain, i.e., (rate of area), 
=SiVStotalx100(%), defined the rate of area which is the main phase. As an 
evaluation result was shown In drawing 1 , the rate of area of the crystal grain of 
16 micrometers or more of diameters of crystal grain of the rate of area of the 
crystal grain of less than 14 micrometers of diameters [ in / in the thing of an 
example 1 / the R2T14B main phase ] of crystal grain was 4.0% 83.2%. 
Moreover, the result of having analyzed Fe, Nd and Dy of the thing of the 
arbitration of the obtained rare earth magnet, and the behavior of B content 
element by EPMA is shown in drawing 2 . Although between the maximum peaks 
of Nd is the main phase crystal grain in drawing 2 , it turns out that inclination is 
in Dy concentration in this main phase crystal grain. Near the grain boundary of 
the main phase crystal grain, Dy concentration is high and is in the inclination for 
Dy concentration to be low, in the core of the main phase crystal grain. This is 
considered to be because for Dy to have been added only into B alloy. What the 
core of the main phase crystal grain bears high Br, and is bearing iHc with near 
[ high ] the grain boundary of the main phase crystal grain by the maldistribution 
of this Dy distribution is presumed. 

[0013] (Example 2) The R-T-B system anisotropy sintering rare earth magnet of 
this invention was manufactured like the example 1 Nd27.5%, PrO.4%, and 
B1 .1 1 % with weight percent except having used the alloy A which consists of 
GaO.1%, CuO.1%, and the remainder Fe. The typical component-analysis values 
of the obtained rare earth magnet were Co2.2%, aluminumO.1%, GaO.1%, 
CuO.1%, the 0.20% of the amounts of content oxygen, 0.04% of content nitrogen 
volume, 0.07% of content carbon contents, and Remainder Fe Nd27.8%, PrO.5%, 
Dy1.5%, and B1.00% in weight percent. Moreover, when the typical magnetic 
properties of the obtained rare earth magnet were measured in 20 degrees C, as 
shown in Table 1, the good magnetic properties of Br=14.1kG, iHc=15.0kOe, and 
(BH) max=47.9MGOe were acquired. Moreover, although that B rich phase 



exists slightly has checked with the optical microscope when gazed at the 
microstructure of the thing of the arbitration of the rare earth magnet of this 
example 2, the rate of area of B rich phase to the gross area of an observation 
side was as small as 0.36%. 

[0014] (Example 1 of a comparison) The R-T-B system anisotropy sintered 
magnet was produced like the example 1 Nd27.57o, PrO.4%, and B1.17% with 
weight percent except having used the alloy B which consists of Nd31.5%, 
PrO.5%, Dy15.0%, aluminumO.2%, Co20.0%, and the remainder Fe with the alloy 
A which consists of GaO.1%, CuO.1%, and the remainder Fe, and weight percent. 
The typical presentations of the obtained rare earth magnet are Nd27.9%, 
PrO.5%, Dy1.5%, B1.08%, and Co2.1%, aluminumO.1%, GaO.1%, CuO.1%. the 
0.19% of the amounts of content oxygen, 0.05% of content nitrogen volume, 
0.07% of content carbon contents, and Remainder Fe in weight percent, and are 
high compared with examples 1 and 2. [ of B content ] When the typical magnetic 
properties of the obtained rare earth magnet were measured in 20 degrees C, as 
shown in Table 1, it was set to Br=13.9kG, iHc=15.2kOe, and (BH) 
max=46.9MGOe, and Br and (BH) max were lower than examples 1 and 2. 
Moreover, when the microstructure of the thing of the arbitration of the obtained 
rare earth magnet is evaluated like an example 2, the rate of area of B rich phase 
is 0.77%, and is twice [ about ] the example 2. Since many nonmagnetic B rich 
phases were formed since there were many B contents compared with examples 
1 and 2, and the rate of the volume of the R2T14B main phase fell relatively from 
the above thing, the thing of the example 1 of a comparison is considered that Br 
and (BH) max are falling. 

[0015] (Example 2 of a comparison) The rare earth magnet alloy of the same 
presentation as the example 1 of a comparison was produced by the single 
method. Specified quantity weighing capacity of Nd, Pr, Dy, B, aluminum, Ga, Cu, 
Co, and Fe of 95% or more of purity was carried out, and Co2.0%, 
aluminumO.15%, GaO.08%, CuO.10%, and the raw material alloy that has the 
presentation of Remainder Fe were obtained Nd27.9%, PrO.45%, Dy1.5%, and 



B1 .05% with weight percent by the same strip cast method as an example 1 . 
Thus, after heating the obtained raw material alloy to 500 degrees C, performing 
evacuation after carrying out occlusion of the hydrogen in the furnace which 
eliminated air, it cooled, and coarse grinding of it was carried out after that, and it 
was used as the raw material coarse powder of a 32-mesh undershirt. It inserted 
in in the jet mill which permuted this raw material coarse powder by N2 gas, and 
made the oxygen density 0.001 vol(s)%, jet mill grinding was carried out, the 
container which filled straight mineral oil (the Idemitsu Kosan make, trade name 
Idemitsu super sol PA-30) was installed in fines recovery opening, and in straight 
mineral oil, the fines which carried out jet mill grinding in N2 gas ambient 
atmosphere were collected directly, and were slurred. The mean particle 
diameter (air permeability method) of fines was 4.4 micrometers. The R-T-B 
system anisotropy sintered magnet was obtained like the example 1 henceforth. 
The typical component-analysis values of this thing were Co2.0%, 
aluminumO.1%, GaO.1%, CuO.1%, the 0.16% of the amounts of content oxygen, 
0.05% of content nitrogen volume, 0.07% of content carbon contents, and 
Remainder Fe Nd27.7%, PrO.5%, Dy1.5%, and 81.06% in weight percent. 
Moreover, when the magnetic properties of the obtained above-mentioned rare 
earth magnet were measured in 20 degrees C, as shown in Table 1, it is 
Br=13.8kG, iHc=14.1kOe, and (BH) max=46.4MGOe, and low magnetic 
properties were acquired compared with examples 1 and 2. Moreover, the thing 
of arbitration was chosen from the obtained rare earth magnet, and the result of 
having evaluated the rate of area of the main phase crystal grain which is in each 
diameter range of crystal grain like an example 1 was shown in drawing 3 . From 
drawing 3 , especially the diameter distribution of crystal grain of the main phase 
was broadcloth at the diameter side of a large drop compared with drawing 1 
(example 1), and the rate of area of the main phase crystal grain beyond particle- 
size 19micrometer of the rate of area of the main phase crystal grain with a 
particle size of less than 16 micrometers was 6.7% 83.6% (therefore, 16 
micrometers or more 16.4%). Thus, by the single method, since it is easy to 



make the main phase crystal grain big and rough and it serves as particle size 
distribution with it compared with what is depended on the method of blending 
above-mentioned this invention, it is judged with the single method of control of 
the main phase grain growth being inadequate, and magnetic properties having 
fallen rather than the thing of this invention produced by the blending method. 
[ large dispersion in the diameter of crystal grain of the main phase, and ] 
[ broadcloth ] 

[0016] (Example 3 of a comparison) The R-T-B system rare earth magnet alloy of 
Nb addition was produced by the single method. Specified quantity weighing 
capacity of Nd, Pr, B, Nb, Ga, Cu, Co, and Fe of 95% or more of purity was 
carried out. and Co2.0%. NbO.70%, alumlnumO.15%, GaO.08%, CuO.10%, and 
the raw material alloy that has the presentation of Remainder Fe were obtained 
Nd27.9%, PrO.45%, Dy1.5%, and BO.90% with weight percent by the same strip 
cast method as an example 1 . Nb is added in order to control grain growth into 
this alloy. Grinding, wet recovery, a wet compaction, deliquoring, sintering, and 
heat treatment were performed like the example 1 , and the R-T-B system rare 
earth sintered magnet of Nb addition was produced henceforth. The typical 
component-analysis values of this magnet were Co2.0%, NbO.72%, 
aluminumO.10%, Gap.07%, CuO.12%, the 0.13% of the amounts of content 
oxygen, 0.08% of content nitrogen volume, 0.07% of content carbon contents, 
and Remainder Fe Nd27.7%, PrO.57%, Dy1.5%, and BO.87% in weight percent. 
Moreover, the magnetic properties in typical 20 degrees C of the obtained rare 
earth magnet were Br=13.3kG, iHc=16.1kOe, and (BH) max=42.7MGOe as they 
were shown in Table 1 , and they were lower than examples 1 and 2. 
[0017] (Example 4 of a comparison) The R-T-B system rare earth magnet alloy of 
Nb addition was produced by the single method. Specified quantity weighing 
capacity of Nd, Pr, B, Nb, Ga, Cu, Co, and Fe of 95% or more of purity was 
carried out, and Co2.0%, NbO.70%, aluminumO.15%, GaO.08%, CuO.10%, and 
the raw material alloy that has the presentation of Remainder Fe were obtained 
Nd27.9%, PrO.45%, Dy1.5%, and B1.10% with weight percent by the strip cast 



method of the same conditions as an example 1. Nb is added in order to control 
grain growth into this alloy. Grinding, wet recovery, a wet compaction, deliquoring, 
sintering, and heat treatment were performed like the example 1, and the R-T-B 
system rare earth sintered magnet was produced henceforth. The typical 
component-analysis values of this magnet were Co2.1%, NbO.71%, 
aluminumO.14%, GaO.07%, CuO.12%, the 0.12% of the amounts of content 
oxygen, 0.06% of content nitrogen volume, 0.08% of content carbon contents, 
and Remainder Fe Nd27.8%, PrO.57%, Dy1.5%, and B1.03% in weight percent. 
Moreover, the typical magnetic properties of the obtained rare earth magnet are 
Br=13.2kG, iHc=16.5kOe, and (BH) max=42.0MGOe in 20 degrees C, and are 
low magnetic properties from examples 1 and 2 as they are shown in Table 1 . 
The result of the examples 3 and 4 of a comparison showed that Br was not 
greatly dependent on the amount of B in the R-T-B system rare earth sintered 
magnet of Nb addition produced by the single method. Moreover, the result of 
having analyzed the behavior of Fe, Nd, Dy, and B which are contained about the 
thing of the arbitration of the rare earth magnet obtained in this example 4 of a 
comparison by EPMA is shown in drawing 4 . In drawing 4 , the concentration 
gradient of Dy in the main phase crystal grain which was observed by drawing 1 
is not seen. It was checked that the concentration gradient of Dy observed in the 
example 1 from this is peculiar to blend material. 

[0018] The magnetic properties acquired in each above-mentioned example and 
each example of a comparison were summarized in Table 1 . 
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[0019] The rate of area of B rich phase obtained In examples 1 and 2 and the 
example 1 of a comparison was shown in Table 2. 
[Table 2] 









0.00 




0.36 




0.77 



[0020] 

[Effect of the Invention] As above-mentioned, while the rare earth magnet of this 
invention reduced the nonmagnetic phase of oxide and B rich equality compared 
with the former and raised the rate of the main phase volume, Br and (BH) max 
were able to be brought close to the potential of a R-T-B system magnet alloy 
proper by having controlled the grain growth of the main phase. Furthermore, 
since Nb additive-free can carry out [ detailed ]-izing of the diameter distribution 
of crystal grain of the main phase, the rate of the volume of a nonmagnetic phase 
can be reduced more. Thus, while combining a wet process with features and the 
blending method, the usefulness of this invention considered as the R-T-B 
system rare earth magnet alloy presentation suitable for the combination is clear. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the relation between the diameter distribution of 
the main phase crystal grain of the rare earth magnet of this invention, and the 
rate of area. 

[Drawing 2] It is drawing showing the EPMA analysis result of the rare earth 
magnet of this invention. 

[Drawing 3] It is drawing showing the relation between the diameter distribution of 
the main phase crystal grain of the rare earth magnet of the example of a 
comparison, and the rate of area. 

[Drawing 4] It is drawing showing the EPMA analysis result of the rare earth 
magnet of the example of a comparison. 
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